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ABSTRACT The influence of magnetic dopants on the electronic and chemical environments in 
topological insulators (TIs) is a key factor when considering possible spintronic applications 
based on topological surface state properties. Here we provide spectroscopic evidence for the 
presence of distinct chemical and electronic behavior for surface and bulk magnetic doping of 
Bi2Te3. The inclusion of Mn in the bulk of Bi2Te3 induces a genuine dilute ferromagnetic state, 
with reduction of the bulk band gap as the Mn content is increased. Deposition of Fe on the 
Bi2Te3 surface, on the other hand, favors the formation of iron telluride already at coverages as 
low as 0.07 monolayer, as a consequence of the reactivity of the Te-rich surface. Our results 
identify the factors that need to be controlled in the realization of magnetic nanosystems and 
interfaces based on TIs. 
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Topological Insulators (TIs) are promising materials for a new class of spin-based 
nanoelectronics with long spin coherence times and possible fault-tolerant information storage, 
due to the intrinsically 2-dimensional character of their surface states coupled with their 
protected spin environment
1-3
. A promising direction that goes beyond conventional 
methodologies is to tailor novel properties by exploiting TI-based heterostructures. This 
perspective has led to an intense research effort focused on magnetic doping, but attempts to 
control the magnetic properties of TIs have revealed a complex phenomenology. A stable 
ferromagnetic state has been obtained by bulk doping, via the inclusion of 3d-metal impurities 
(i.e. Mn, or Cr) in both single crystal and thin film forms of TIs
4-7
 and deposition of a 
ferromagnetic layer onto the surface of a TI has resulted in a magnetic proximity effect
8-11
, i.e. a 
magnetic coupling between the top ferromagnetic layer and the bulk dopant. However, a clear 
understanding of the modification of the electronic and chemical environments induced by the 
doping, and in particular at the surface/interface of the TIs has not been established. As for the 
case of diluted magnetic semiconductors, challenges remain
12,13
: for example, (i) tuning the 
dilution limit of the magnetic element in order to increase the ferromagnetic transition 
temperature to device-ready conditions, (ii) controlling the chemical environment upon 
adsorption or deposition onto the surface, and (iii) controlling the variation in the carrier 
concentration both at the surface and in the bulk. In diluted magnetic semiconductors, the stable 
ferromagnetic state is set via carrier mediated exchange, which depends on the carrier 
concentration and in turn on the magnetic dopant concentration
12,13
. The high density of free 
carriers required in such systems is unsuitable in the case of TIs, however, because low bulk 
conduction and high surface conduction are prerequisites for possible future TI-based spintronics 
devices.  
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The difference between surface and bulk properties is linked to a central issue in TI 
research: the role of dimensionality. The evidence for long range ferromagnetism in TIs is 
primarily based upon bulk sensitive techniques, and clear results distinguishing between surface 
and bulk properties are scarce. In TIs, a thickness dependent evolution of the spin and band 
structure exists
14,15
. As such, the critical thickness for the appearance of topological conditions 
(i.e. robustness against scattering, gapless surface states, etc) has been determined to be at least 
one quintuple layer in the Bi2X3 systems
14
. Moreover, it has been recently revealed that the 
surface state Dirac fermions are characterized by a layer-dependent entangled spin-orbital 
texture
15-17
. The coexistence of bulk ferromagnetism and topologically protected surface states  
has been clearly demonstrated, yet the influence of local magnetic impurities on the density of 
states is subject of an intense debate, mainly devoted to the opening of a gap in the Dirac cone
6
 .  
Here we present the evolution of the chemical state and electronic properties in a 
prototypical TI, Bi2Te3, where we have taken both approaches to inducing magnetism: bulk 
magnetic doping, obtained by introducing Mn atoms in the pristine Bi2Te3 crystal structure, and 
surface magnetic doping, obtained by depositing a ferromagnetic Fe layer onto Bi2Te3. We find 
that the presence of Mn affects the electronic structure of bulk Bi2Te3, causing the reduction of 
the original bulk band gap. Hard X-ray Photoelectron Spectroscopy (HAXPES) and X-ray 
Absorption Spectroscopy (XAS), which provide bulk sensitive information with different 
information depths, confirm that the impurity-like electronic character of Mn is kept in the bulk, 
with no cluster formation, for Mn concentrations as high as x= 0.09. We further address the 
question of dilution and surface reactivity (i.e. whether ‘surface doping’ is possible) via 
deposition of magnetic elements on the surface of a TI (in our case Fe on Bi2Te3 and Bi2-
xMnxTe3).  STM analysis shows important modifications occurring  at the surface of Bi2-xMnxTe3 
 6 
upon Fe deposition: even for Fe thicknesses as low as 0.07 monolayer  (0.1 Å),  nm-wide 
structures co-exist with isolated Fe atoms; for coverages in excess of 0.35 monolayer (0.5 Å), 
larger structures predominate. Moreover, analysis of the core level spectra in soft X-ray PES 
provides clear evidence of chemical reaction between Te and Fe metal deposited on the surface, 
with reduction of Bi to a lower valence state and the concomitant modification of the Te 
electronic character. Simple thermochemical considerations lead us to point to the formation of 
an FeTe phase and either Bi metal or a subtelluride phase Bi2Te at the surface as a result of the 
deposition.  
Figure 1a shows an STM topography image of the (001) surface of a Bi2-xMnxTe3 crystal 
with x= 0.09 taken after in situ room temperature cleavage. A sketch of the crystal structure is 
presented in panel 1b. In agreement with previous low temperature STM topography results, the 
substitutional Mn atoms are visible as shadows (inset in Fig. 1a ) in positions that correspond to 
those of the Bi atoms under the Te surface layer exposed by cleaving
4,10,11
.  
 7 
 
Figure 1. (a) STM topography image (100x100 nm
2
) of an as-cleaved Bi1.91Mn0.09Te3 (+500 mV, 0.18 
nA) (001) surface. In the inset, the substitutional Mn atoms are visible as triangular shadows. (b) The 
crystal structure of Bi2Te3, with cleavage planes. Two sites for Mn atoms, Mn(1) and Mn (2),  
substitutional and interstitial respectively, are indicated by arrows. (c) Electronic band structure near EF 
measured by ARPES at T = 6 K. Dirac cone measured along -K for (c) pristine Bi2Te3, and (d) and (e) 
Bi2-xMnxTe3 for x=0.04, and x= 0.09, respectively; the arrows give the measure of the bulk band gap, 
which progressively decreases as a function of Mn doping. 
 
Quantitative analysis of the STM topography reveals that the number of Mn atoms at the 
surface is three times less than the nominal bulk doping, as has been observed previously
4
. This 
corresponds to a higher dilution of Mn in the surface region; part of the reduced doping value 
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may be due to relaxation of the crystal structure after the cleavage procedure and consequent 
diffusion of Mn into a deeper layer
18
. Results of image analysis via cumulative probability of 
random pair separation (i.e. an estimate of the correlation between Mn pairs
4
), gives no 
indication of clustering effects.  The evolution of the surface electronic structure  near the Fermi 
level EF of Bi2-xMnxTe3  as measured by surface sensitive ARPES is presented in panels (c),(d) 
and (e) of Figure 1, for x= 0, 0.04, and 0.09 respectively. Since the Dirac cone in the as-cleaved 
Mn-doped samples is located above EF as a result of the hole doping due to Mn incorporation 
(see supporting information), we employed potassium deposition on the surface to rigidly shift 
the full band structure below EF
19,20
, thus allowing for the measurement of the bulk band gap at 
the Gamma point (i.e. the Valence Band-Conduction Band VB-CB energy difference measured 
at the Gamma point).   Since the Dirac point coincides with the top of the bulk valence band 
Bi2Te3 (panel (a)), by assuming the rigid band shift we estimate the magnitude of the bulk energy 
gap as the energy difference between the Dirac point and the bottom of the bulk conduction band 
(the energy position of the Dirac point is extrapolated by assuming that the surface bands are 
linearly dispersing and cross each other at the Dirac point). As indicated by the arrows, we 
measure E = 300 ±10 meV in the pristine sample. We observe that the gap is reduced as the Mn 
content x increases, becoming E = 260 ±10 meV for x=0.04 and E = 230 ±20 for x= 0.09. The 
topological bulk band gap in Bi2Te3 is a direct consequence of band inversion, which is driven 
by the spin-orbit coupling (SOC) of the system
1
. The substitution of Bi atoms with Mn, which is 
an element with almost zero SOC, suppresses the band inversion by diluting the effective SOC in 
the solid, and consequently results in a reduced bulk band gap (and eventually in the 
disappearance of the topological properties altogether). In addition, the Mn impurity-induced 
suppression of band inversion could be further enhanced by near Fermi-level impurity states, as 
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reported for (Bi1-x Inx)2Se3 
21 
. Unfortunately, the fact that the Dirac point of the topological 
surface state in Bi2Te3 is buried inside of the bulk valence-band manifold, makes it difficult to 
determine whether the Mn impurities open a gap at the Dirac point below the ferromagnetic 
transition temperature.  
The impurity-like character of the Mn-atoms in the Bi2Te3 matrix is confirmed by the 
spectroscopic results presented in Figure 2. In panel (a) the Mn L2,3 XAS spectra from 
Bi1.91Mn0.09Te3 are compared to the reference Mn ones from the diluted magnetic semiconductor 
(Ga,Mn)As (Mn = 5 %) and from a metallic MnAs film. The dilute Mn systems display a broad 
double peak structure at the L2 edge and smooth shoulders near the L3 edge, corresponding to a 
hybrid d
4
-d
5
-d
6
 configuration, with dominant d
5
 character, as already discussed in previous 
reports
22-24
. These spectroscopic features are clearly visible in the Mn spectrum from 
Bi1.91Mn0.09Te3 . On the contrary, Mn in the metallic environment found in MnAs displays only a 
single component in the L2 region, a different overall line shape, and a different L3/L2 ratio
22,23
. 
Knowing that the XAS signal averages over a total information depth of 5 nm, while the 
probing depth for Hard X-ray PES (HAXPES) is >15nm
25,26
, we obtain depth sensitive 
information  shown in panel (b) of Figure 2; the Mn 1s core lines ( 6540 eV of binding energy) 
from Bi1.91Mn0.09Te3 are presented, measured with 11 keV of photon energy. The use of high 
photon energy guarantees truly bulk sensitive information, while maintaining chemical 
sensitivity and no overlap with lines from Bi and Te. 
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Figure 2 (a) The normalized Mn L2,3 XAS spectra (black circles) from a Bi1.91Mn0.09Te3 sample, a 
reference 250 nm metallic MnAs film grown on GaAs and a reference (GaMn)As (5% Mn) sample. (b) 
The Mn 1s HAXPES spectra measured at hν = 11 keV (black points; the red curves are guides to the eye.) 
from a Bi1.91Mn0.09Te3 sample and from a reference 250 nm metallic MnAs film grown on GaAs 
compared to the calculation (black line). For the sake of comparison, the spectra have been aligned and 
normalized to the main line energy position and intensity. No background subtraction was applied. 
Spectra from Bi1.91Mn0.09Te3 display a double structure as opposed to the single peak of the metallic 
sample. PES Calculations were performed using the parameters  = E(d6) – E(d5) = 1 eV, Q(1s,3d) = 3.75 
eV, U(3d,3d) = 2.75 eV, and a hybridization parameter V = 2.5 eV. This give gives a satellite peak at 5.2 
eV above the main peak with 30% of the total intensity. All XAS and HAXPES spectra have been 
measured at room temperature and under identical experimental conditions.   
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Again, we compare spectra from Bi1.91Mn0.09Te3 to those of the MnAs reference. The analysis of 
the HAXPES spectra not only confirms a distinct difference between the doped Mn in 
Bi1.91Mn0.09Te3 and the Mn with metallic character in MnAs, but also reveals the presence of a 
double peak structure. To understand this structure, the photoemission for the Mn transition 3d
n
 -
> 1s
1
3d
nε can be calculated using an Anderson impurity model and taking into account the 
configuration interaction for the initial and final states
27
. For Mn core-level photoemission it is 
sufficient to consider only the d
5
 and d
6
 states, following previous results obtained for Mn 2p 
photoemission from (Ga,Mn)As 
28
. An important difference between a 1s and 2p core hole is the 
degree of localization as well as screening, which affects the 3d valence states. The core-valence 
Coulomb interaction, Q(1s,3d), and the intra-atomic Coulomb interaction, U(3d,3d), will be 
smaller in the presence of a 1s core hole than for a 2p hole
29
. However, Q(1s,3d) is still large 
enough to pull down the 1s
1
3d
6
 state in energy below the 1s
1
3d
5
 state. Such a level reversal leads 
to the appearance of a strong satellite feature
30
, as visible both in experiment and theory in fig. 
2(b), and totally absent in the metallic phase represented by the MnAs spectrum. Our data cannot 
exclude the presence of Mn atoms located in the Van der Waals gap; however, a large quantity of 
atoms confined in the Van der Waals gap of a layered material would imply a significant change 
in size of the crystal structure, which is not reported in similar doped TIs
31,32
. Moreover, the 
absence of metallic-like features in the spectroscopic results of Figure 2 excludes a significant 
clustering effect of Mn, either at the surface or in the bulk, consistent with the STM results in 
Fig. 1a. It is important to underline that Mn displays favorable characteristics as a magnetic 
impurity in bulk TIs: while the present observation agrees well with previous reports supporting 
intrinsic diluted ferromagnetism in Bi2-xMnxTe3
4,9
 and
 
in Cr-doped (Bi,Sb)2Te3
33 
, in other cases 
(e.g. Fe in Bi2Se3), experimental reports have shown a strong preference to form clusters with a 
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dilution limit close to zero and/or clear phase separation of the ferromagnetic phase from the 
TI
8,34,35
. These observations hold important consequences on the choice of the material for 
spintronics applications.  
Knowing that a further relevant parameter towards the realization of TI-based devices is the 
surface reactivity, we now extend our analysis to surface magnetic doping, in our case the 
growth of Fe on the surface of Bi1.91Mn0.09Te3 and Bi2Te3. It has been found that low coverages 
(up to 0.5% of a monolayer) of ferromagnetic elements, e.g. Fe and Co,  do not break the time-
reversal symmetry in the TI and do not open a gap at the Dirac point, as opposed to what is 
expected for bulk doping 
6,36
. In Figure 3, STM results show the modification induced by 0.07 
and 0.35 monolayer Fe deposition on Bi1.91Mn0.09Te3, in panel a and b, respectively. From the 
analysis of the diameter and height of the Fe-induced structures, and keeping in mind that a 
variation of the apparent height/diameter corresponds to a variation of the electronic density, and 
is bias dependent, we identify a majority of smaller isolated structures (Fe(1) in the figure) with 
apparent diameter < 1 nm and height < 0.2 nm, and a minority of relatively large islands (Fe(2) 
in the figure) with diameters and heights up to 2 nm and 6 nm, respectively.  
 13 
 
Fig. 3 STM topography. (a) 0.1 Å (0.07 monolayer) Fe deposited on Bi1.91Mn0.09Te3: left:  inset: 
3D rendering close-up (15 nm x 6 nm
2
 ,+19 mV, 1.8 nA). Dark areas correspond to Mn atoms. 
Two kinds of Fe atoms, (Fe(1) and Fe(2), indicated by arrows) are found, corresponding to low 
and high apparent height. (b) 0.5 Å Fe (0.35 monolayer) on Bi1.91 Mn0.09Te3 (inset) 3D rendering 
close-up (15 nm x 6 nm
2
, +680 mV, 0.29 nA). Isolated Fe(1)-type structures are rarely found 
while the density of large islands is high.  
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This observation, in agreement with similar results obtained on Bi2Se3 
11,37,38
,  points to the 
presence of two distinct kinds of Fe-related structures, where adatoms self-aggregate in cluster-
like structures, while single impurities diffuse into subsurface layers. Increasing the Fe thickness 
to 0.35 monolayer not only produces the almost ubiquitous presence of large islands, with rare 
single structures, but also a relative uniformity of islands, as both height and diameter converge 
to a single average value (0.5±0.01 nm in height and 2 nm of diameter). These results suggest 
that a stable chemical and electronic condition has already been established at very low 
coverage. It is important to underline that the STM images in this case do not directly resolve the 
Fe atoms, as opposed to the case of Mn in the topography of Bi2-xMnxTe3 in Fig.1, but rather are 
the result of host states perturbed by the Fe
11
. At larger coverages, 4 monolayers and above, the 
islands are connected, the Fe is ferromagnetic, and the Mn magnetic bulk state found below 12 K 
in Bi2-xMnxTe3 can be raised to higher temperatures by the magnetic proximity effect produced 
by the Fe overlayer
9
.  
We obtain further information on the surface electronic and chemical structure of Bi2Te3 and 
Bi2-xMnxTe3 via the analysis of core level PES spectra, presented in Figure 4. Inspection of the 
core level spectra shows that the chemical environment of the Bi2Te3 host is not modified by the 
presence of Mn, with both Bi 5d and Te 4d core levels (panel b and c) substantially unchanged 
upon bulk doping. The analysis by a fitting procedure, the comparison with bulk sensitive PES 
spectra (see supporting information), and the ARPES data in Figure 1 agree well with the 
scenario that Bi2Te3 retains its topological properties upon the substitution of Mn
4,15
. Significant 
modifications are found, however, after Fe is deposited on the surface of Bi2Te3. These are 
shown in Figure 4 panel (a) and the close-up of the Bi 5d and Te 4d regions in panels (b) and (c). 
This suggests a profound change in the chemical state of the topmost layers of the TI, similarly 
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to the Fe/Bi2Se3 and Co/Bi2Se3 cases in the low thickness (< 1 Angstrom) regime
10,39
. At a Fe 
coverage of 6 Å (i.e. a thickness able to sustain room temperature ferromagnetism), new 
components shifted to 0.7 eV lower binding energy appear in the Bi 4f and Bi 5d core level 
spectra, while in the Te 4d region shows shifted and broadened components at 0.45 eV higher 
binding energy. This points to the presence of a chemical reaction between the deposited Fe and 
the Bi2Te3 that involves the oxidation of Te from the formal Te
2-
 valence state and a concomitant 
reduction of the formal Bi valence state.  
 
 16 
Figure 4 (a) Soft x-ray photoemission (h = 455 eV) from Te 4d and Bi 5d (symbols), measured 
in identical experimental conditions, before and after 6 Å Fe deposition on Bi2Te3.  Close-up of 
the spectral region for Te 4d (b) and Bi 5d (c), showing fitting results (solid lines, superposed); 
the fitted Voigt functions for single peaks are shown as filled colored areas. In each panel, a 
comparison between pure Bi2Te3, Bi1.91Mn0.09Te3 and Fe deposited on Bi2Te3  is presented. 
Spectra have been shifted on a vertical scale and normalized to the same area for sake of 
comparison. A Gaussian broadening of 0.25 eV has been included in the fitting procedure, to 
account for experimental energy resolution; a Shirley background has been subtracted from the 
raw data. 
In addition, after quantitative analysis and normalization of the spectra, we note that the Bi 
core levels display a stronger attenuation than the Te core levels. This suggests that the Fe is 
mainly accommodated at the surface. Knowing that after cleave the exposed layer is Te-rich (see 
also Figure 1b), this observation agrees well with the STM results of Figure 3: the number of 
isolated Fe atoms, buried or intercalated, has already significantly decreased at 0.5 Å of Fe 
thickness, favoring a surface chemical environment containing both Fe and Te. We have 
explored the energetics of possible reactions between Fe and Bi2Te3 using standard 
thermodynamic tabulations
40
. We find that reactions involving the formation of FeTe2 along with 
Bi metal or one of the Bi sub-tellurides (e.g. Bi2Te or BiTe) all involve negative free energies 
(G): 
3Fe  +      2Bi2Te3      3FeTe2   +      4Bi  G  =  -12.3 kJ/mol Fe 
  Fe  +        Bi2Te3        FeTe2   +       Bi2Te    G  =  -17.5 kJ/mol Fe 
  Fe  +      2Bi2Te3        FeTe2   +      4BiTe G  =   - 6.6 kJ/mol Fe 
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In these reactions, the formal oxidation state of Te changes from -2 in Bi2Te3 to -1 in FeTe2, 
i.e. a reduced partial charge on Te in FeTe2 giving a shift to higher binding energy, while Bi is 
reduced from the +3 state to 0, +1 and +2 states respectively, giving rise to a shift in binding 
energy in the opposite direction. Thermodynamically, reduction to Bi2Te is most strongly 
favored, although all three reactions would account qualitatively for the directions of the 
observed chemical shifts. We note that these reactions are all favored with respect to formation 
of the iron rich FeTe phase, where thermochemical data
40  is given for “FeTe0.9”
 41
. 
3Fe  +  0.9Bi2Te3       3FeTe0.9   +   1.8Bi        G  =  -2.1 kJ/mol Fe 
2Fe  +  0.9Bi2Te3       2FeTe0.9   +   0.9Bi2Te    G  =  -4.5 kJ/mol Fe 
  Fe  +  0.9Bi2Te3         FeTe0.9   +   1.8BiTe          G  =  +0.5 kJ/mol Fe 
 
A phase Fe7Te8 is also known but there appears to be no reliable thermochemical data for 
this phase. However it seems safe to assume that reaction free energies will be intermediate 
between those involved for formation of FeTe2 and FeTe0.9.  
In summary, we have gained chemical insights into the electronic properties of Bi2Te3 under 
magnetic doping; we observe a profound difference between bulk and surface magnetic doping: 
the deposition of a ferromagnetic element, Fe, on the surface, produces in the near-surface region  
an important change of the surface chemistry, while Mn-bulk doping results in a homogeneous 
bulk phase, very much like conventional diluted magnetic semiconductors. Our results may help 
to identify the factors that need to be controlled in the realization of magnetic interface systems 
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based on TIs: knowing that bulk ferromagnetic order may coexist with surface topological order, 
both the spin texture and the spin dynamics can be modified by controlled surface doping, and in 
general by thin film growth.  The interaction between magnetic bulk textures and the charge of 
topologically protected surface states may help the realization of quantized anomalous Hall 
effect and magneto-electric coupling based applications. 
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1. Experimental and theoretical details  
Sample preparation and characterization: High purity elemental Bi (99.999%), Mn (99.99%), and Te 
(99.999%) were used for the Bi2−x MnxTe3 crystal growth, employing a nominal x value from 0.03 to 0.1. 
A modified Bridgeman crystal growth method was employed. The crystal growth for Bi2−x MnxTe3 
involved cooling from 950 to 550 °C over a period of 24 h and then annealing at 550 °C for 3 days; 
silver-colored single crystals were obtained. The crystals were confirmed to be single phase and identified 
as having the rhombohedral Bi2Te3 crystal structure by X-ray diffraction.  Crystals were p-type with a 
carrier concentration between 10
19
 and 10
20
 carrier/cm
3
.The Mn concentration in the bulk crystals was 
determined by the ICP-AES method and was very close to the nominal compositions. Details of the 
structural and magnetic characterization as a function of temperature, magnetic field and doping can be 
found in Refs. 3 and 4 of the main manuscript text. Clean surfaces of Bi2Te3 and Bi1.91Mn0.09Te3 were 
obtained by cleaving their respective crystals in-situ (pressure better than 5 X 10
-11
 mbar) at T= 22 K (soft 
X-ray XPS and XAS), at T= 6K (ARPES) and at room temperature (HAXPES). Fe was deposited on  
Bi2Te3 by the e-beam evaporation technique with the substrate crystal kept at room temperature. The 
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deposition rate was monitored using a quartz microbalance and was calibrated to be  0.1 Å/min. During 
the whole process, the vacuum inside the chamber was better than 2x10
−10
 mbar.  
STM measurements: STM measurements were performed using a home-built room temperature UHV 
STM. A chemically etched W wire was used for a tip. The STM topographic images were acquired with a 
constant current mode. The sample bias voltage and the tunneling current for each image are indicated in 
the figure captions. The samples were then transferred in UHV conditions from the STM/Fe growth 
chamber to the end station for the XAS/XPS measurements and vice-versa
1
. 
X-ray techniques and experiments: We acquired XAS spectra at the APE beamline of the Elettra 
Synchrotron (Trieste, Italy) in the temperature range of 20-300 K and in a base vacuum < 2x10
-10
 mbar.
1
 
X-ray Magnetic circular Dichroism (XMCD) was used to check the ferromagnetic properties of Fe and 
Mn, similarly to Ref 9. All XAS and XMCD measurements were obtained by measuring the sample drain 
current - Total Electron Yield (TEY) - with an energy resolution of 150 meV and a circular polarization 
rate of 70%. TEY mode was used to enhance sensitivity of the near surface-interface region (TEY depth 
sensitivity is in the range of 5 nm).  The photon incidence angle was kept fixed at 45° from the sample 
surface normal. Beam spot size on the sample surface was 200x300 µm
2
. All spectra were normalized by 
the intensity of the incident beam, which is given by the TEY of a gold mesh. The comparison between 
experimental XAS lineshapes of Mn L2,3 was obtained after background subtraction. The raw Mn L2,3 
XAS spectra displayed are first normalized to the incoming photon flux measured at the same time on the 
reference mesh. A straight baseline fitting the slope of the raw TEY signal and matching the intensity of 
the L3 pre-edge region has been subtracted to the data.  
XPS-HAXPES. XPS experiments have been performed at APE beamline by means of an Omicron EA-
125 photoelectron analyzer in the same analysis chamber of the XAS experiments.
1
 Both XPS and 
XAS/XMCD measurements were possible at identical sample positions and with identical spot size. XPS 
data have been acquired at h =455 eV in normal emission geometry using linearly polarized X-rays, at 
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30 K for freshly cleaved Bi2Te3, Bi1.91Mn0.09Te3 surfaces, and at both room temperature and 30 K after Fe 
deposition. No difference has been observed with temperature. The overall energy resolution (photons + 
analyzer) was about 250 meV. No trace of oxidation and/or contamination, by regularly checking the 
presence of Carbon 1s and Oxygen 1s peaks in survey spectra, was detected over completion of one set of 
measurements, after which a new fresh cleaved surface was used. We cannot exclude a small oxidation of 
Bi and Te under Fe evaporation, however. Following our fitting procedures, the presence of oxygen-
related extra peaks hidden in the large Te 4d and Bi 5d components is limited to a few percent (<3%).  
HAXPES measurements were carried out using linearly horizontal polarized light at the SOLEIL 
synchrotron (Paris-France), using the undulator beamline GALAXIES. The X-ray incidence angle as 
measured from the sample surface was fixed at 2 degrees. Samples have been cleaved before insertion in 
vacuum, and measured at room temperature. The overall energy resolution (monochromator + analyzer) 
was set to 250 meV (2.5 keV), and 0.8 eV (8 keV). For both HAXPES and XPS Binding energy and 
energy resolution has been estimated by means of a reference polycrystalline gold foil in electrical and 
thermal contact with the sample, measuring Au 4f core level and Fermi energy.  
ARPES. ARPES experiments were performed on samples cleaved at T =6 K, in a vacuum better than 
5x10
-11
 torr, at the Quantum Materials Laboratory of the AMPEL Lab (UBC, Vancouver, Canada), with 
21.2 eV linearly polarized  photons on a dedicated spectrometer equipped with a SPECS Phoibos 150 
hemispherical analyzer and UVS300 monochromatized gas discharge lamp. Energy and angular 
resolution were set to 10 meV and ± 0.1
0
, respectively. The orientation of the samples was checked by 
Laue diffraction peaks and samples were aligned with the  to K direction parallel to the entrance slit of 
the analyzer.  
Calculation details: The Hamiltonian for the initial and final state in the photoemission process were 
calculated using Cowan’s code2, including spin-orbit and multiplet structure but neglecting band structure 
dispersion. In the Mn atom the 3d
5
 configuration has the lowest energy but is strongly mixed with the 3d
6
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configuration, which is at slightly higher energy. The wave functions are given as a coherent sum over d
n
 
states with different electron number, n, embedded in a medium which accepts electrons at the cost of a 
charge-transfer energy . Wave functions were calculated in intermediate coupling using the atomic 
Hartree-Fock approximation with relativistic corrections and scaling the Slater parameters to 70% to 
account for intra-atomic correlation effects. The initial state was modelled as 67.8% d
5
, 29.1% d
6
, and 
3.1% d
7
. The resulting line spectrum was broadened by a Lorentzian of  = 0.5 eV and a Gaussian of  = 
0.4 eV to account for life-time, instrumental, and inhomogeneous broadening. 
 
2 Self doping effect in as-cleaved Bi2-xMnxTe3  and Bi2Te3  crystals 
 
Fig. S2. As written in the text of the main paper, the Dirac cone in as-cleaved samples is located above EF 
due to the intrinsic hole doping, a feature well in agreement with previous reports (Refs. 17 and 18 in the 
main manuscript text).  This p-type character of Bi2Te3 samples is in contrast to the n-type Bi2Se3 
samples, which always have a Fermi level crossing the bulk conduction bands. For pure Bi2Te3, the 
characteristic Dirac cone is observed only upon electron doping; this occurs spontaneously, as a function 
of time after exposing the freshly cleaved surface, or by surface doping, e.g. via K deposition. 12 hours 
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later the Dirac point is 160 meV below EF. Because of the surface instability, it is difficult to identify the 
Mn impurities as hole dopants simply by comparing the Fermi level positions. The figure represents the 
band structure along -K for (a) as cleaved Mn x=0.04  sample and (b) the same sample 10 hours after the 
cleave; the arrows point to the most prominent band structure features and emphasize the rigid energy 
shift (75 meV towards higher binding energies) as a function of time; the inset emphasizes the near-EF 
area of aged sample where Dirac cone starts to be visible (black arrows); (c) the same sample after K-
doping: the band structure shifts by additional 250 meV and the Dirac point falls at 380 meV. These data 
are relative to 4%Mn, but the effect is generic for Bi2Te3. 
3 Comparison of XPS and HAXPES for Ti 4d,  Bi 5d and Bi 4f core level 
 
 
Fig. S3. We have also performed a fitting analysis on Bi 4f , Bi 5d and Te 4d shallow core level, for both 
pure Bi2Te3, and Mn-doped Bi1.91Mn0.09Te3 , comparing their lineshapes as measured at 455 eV and in the 
HAXPES regime (8 keV), similarly to the comparison presented in figure 4 only for soft X-ray.  No 
difference in lineshapes, within the limit of the different energy resolution (0.25 eV at 455 eV and 0.8 eV 
at 8 keV) has been found, reinforcing the result of a diluted character of Mn. Black curves are results of 
fitting , superimposed at raw data (symbols). Grey peaks are fitting results of individual peaks, shaded 
curve are the background of the peak, that has been subtracted from raw data. 
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4 Additional calculation details 
 
The Mn 1s photoemission spectrum corresponding to the transition 3d
n
 -> 1s
1
3d
n can be calculated using 
an Anderson impurity model, taking into account configuration interaction in the initial and final state.
2
 
The wave functions are given as a coherent sum over d
n
 states with different electron number, n, 
embedded in a medium which accepts electrons at the cost of a charge-transfer energy . For sake of 
explanation for the Mn core-level photoemission it is sufficient to consider only the d
5
 and d
6
 states. In the 
Mn atom the 3d
5
 configuration has the lowest energy but is strongly mixed with the 3d
6
 configuration, 
which is at slightly higher energy. The case of the Mn 2p photoemission from (Ga,Mn)As has been 
described in Ref. 4. While in the ground state the 3d
5
 level has lower energy than the 3d
6
 level, in the final 
state the 2p
5
3d
6
 is pulled down in energy below the 2p
5
3d
5
 due to the strong core-valence Coulomb 
interaction, Q = 5 eV. This gives a Mn 2p PE spectrum with a low energy peak dominated by the 
screened 2p
5
3d
6
 final-state configuration while the peak at higher binding energy has mainly 2p
5
3d
5
 
character. An important difference between a 1s and 2p core hole is the degree of localization as well as 
screening, which affects the 3d valence states. The core-valence Coulomb interaction, Q(1s,3d), and the 
intra-atomic Coulomb interaction, U(3d,3d), will be smaller in the presence of a 1s core hole than for a 2p 
hole.
5
 However, Q(1s,3d) is still large enough to pull down the 1s
1
3d
6
 state in energy below the 1s
1
3d
5
 
state. Such a level reversal leads to the appearance of a strong satellite feature.
6 
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